Bloodgases in hamsters during hypothermia by exposure to He-02 mixture and cold. Am by way of contrast, little is known about the role of blood gases in hypothermic small mammals. In a related phenomenon, i.e., the natural depressed metabolism of hibernation, blood gas properties have been studied (2, 5, 6, 11) . Previously, limitations of available techniques have made it difficult to measure oxygen tensions in the blood of small mammals. Development of reliable variable-temperature ultramicro blood gas analyzers has made these measurements possible on samples sufficiently small so as not to cause significant loss of blood and which tend to minimize stress to the animal. The helium-cold method of inducing metabolic depression (3) provides a range of hypothermia.
The objectives of this investigation were to assess the blood g 'as modi .fications over a wide range of body temperatures and to provide an interpretation of events witnessed in helium-cold hYP0 thermia in the hamster kfesocricetus auratus.
METHODS
In the helium-cold method described by Fischer and Musacchia (3), the golden hamster (Mesocricetus auratus) undergoes progressive stages of hypothermia in a gas mixture of 80 % He and 20 % 02 at low ambient temperatures. In our experiments golden hamsters (100-l 50 g) were placed in glass chambers (about 1 liter) and maintained in helium-oxygen at 0 C until a particular body temperature was reached. Cannulas were exteriorized by passing the PE-10 under the skin of the neck to the dorsal surface behind the ears. In our modifications a fixed neck plate, also made of polyethylene, was used to anchor the cannulas (described in detail in ref. 6a). In the neck plate there are two holes for the passage of the PE-10; a "bulb" on the internal side restricted outward movements of the cannulas.
The neck plates were sutured under the skin dorsal to the neck. These procedures insured that pull or tension on the cannulas during sampling would result in applying force only on the neck plate and not to the position of insertion of the cannulas in the blood vessels. Blood samples were taken from cannulas in all unanesthetized normothermic animals and in more than 50 % of the hamsters with body temperatures of 6 C. Puncture of the ocular sinus (the most convenient method) was employed to take venous blood from hamsters with body temperatures 10, 18, 26, and 38 C. Comparison of venous blood samples collected by the three methods demonstrated that there was no significant difference in the venous blood gas parameters. Arterial blood from cannulas was only taken at 6, 10, and 38 C. In a selected group, both arterial and venous blood samples were taken from cannulated, unanesthetized animals with body temperatures 38 C. These hamsters were designated as "active" and housed individually. Each cage was positioned in a quiet part of the room, and a PE-10 stylet, about 1.5-2 ft long, was attached to their cannulas to minimize disturbance during blood collection. The animals were habituated to the presence of investigators and undisturbed during the collection of blood samples.
Since the hamsters maintained a venous blood pH near 7.40 in normothermia and during all phases of hypothermia, hemoglobin-oxygen dissociation curves were determined for whole blood at the same pH. The entire apparatus used to equilibrate the blood at any desired Paz and Pcoz (including the standardizing gases Nz, 02, and CO2) was maintained at required temperature in a Hot-Pack environmental room. The gases were mixed in desired proportions, humidified, and passed through a small cell containing 1 ml of blood, and subsequently into the blood gas analyzer for continuous monitoring of the Paz and Pco~. The blood was slowly stirred to promote rapid equilibration with the atmosphere above its surface. A Pco~ of 35-40 mm Hg was necessary at 38 C to maintain a pH of 7.40 f 0.03, and a Pcos of 27-30 mm Hg was necessary at 6 C. Samples of 0.04 ml of whole blood were taken; Pas, Pco~, and pH were measured; the red cells were hemolyzed with 0.1 ml of a 50 % saponin solution; and a Beckman oximeter was used to determine the percent saturation of hemoglobin at the Paz and pH measured.
RESULTS
During the induction of hypothermia several states of behavior were evident. In the helium-oxygen mixture and cold, hamsters initially became very active and body temperatures remained near 38 C. After about 0.5 hr they became quiet and tended to curl up. Respiration, although accelerated, was generally regular. Responses to noise, light, and movement indicated that these animals were still aware of their surroundings. Body temperatures during this stage ranged between 20 and 37 C. When body temperatures reached about 18-20 C, the animals shivered violently while in a curled position. With continued fall in body temperature, they lost awareness of their surroundings and failed to respond to various forms of stimuli (e.g. light, noise, and vibration). When body temperature reached about 12 C the shivering ceased, and the hamster lost postural control. At this stage animals maintained a great W. A. VOLKERT AND X. J. MUSACCHIA deal of muscle tone and showed a pattern of regular breathing. When body temperatures reached approximately 6-7 C, the hamsters quickly lost all muscle tone and became flaccid; breathing was shallow with long periods of apnea. A number of features of the blood gas changes coincided with the behavioral characteristics. It is evident that with a decrease in body temperature there is a parallel decrease in venous Pas and Pcoz ( Fig. 1 and Table 1) . ' Partial pressures of oxygen in venous blood recorded at various body temperatures along with the respective oxygen solubilities were used to calculate the concentration of free oxygen (Table 1) in the blood water at a given temperature. A limited number of arterial blood samples were taken from aortic cannulas only at body temperatures of 6, 10, and 38 C ( Table 2) . Arterial Pcoz and pH measurements were also recorded (Table 2 ) and were comparable to those recorded in venous blood at the same temperatures (Table 1 ). There is a parallel relationship in reduction of arterial Pcoz with a decrease in body temperature; however, the arterial Pas values are generally comparable at body temperatures 6, 10, and 38 C.
Hemoglobin oxygen dissociation curves of whole blood at 6 and 38 C were determined at a pH of 7.40 f 0.03 (Fig. 2) . The partial pressure of oxygen at 50 % hemoglobin saturation, PSO , for blood at 38 C is 28.0 mm Hg, in agreement with the value of 27.8 mm Hg in the hamster at 37 C as reported by Ulrich et al. (12) . The PSO at 6 C was found to be approximately 6.0 mm Hg. The oxygen affinity temperature coefficient, defined by Clausen and Ersland (2) which describes the effect of temperature on the Hb-02 curve, was found to be 0.021.
Assuming proteinate concentrations in the blood did not vary greatly with body temperature, bicarbonate, and total CO2 content, (CO&, was estimated from the recorded values using the Henderson-Hasselbalch equation: pH = pK + log [(CO& -f Pcoz]/f (Pco,). The approximate pK value for carbonic acid and solubility factor, f, for CO 2 in plasma were employed (10) to estimate total CO2 at a given temperature. An additional feature of interest was the inverse relationship with blood pH and body temperature, showing that with subsequent lowering of body temperature there was a rise in blood pH values. There was an apparent reversal at the 10 and 6 C body Hamsters made hypothermic by the method herein described cannot rewarm spontaneously in the cold; thus, they are not able to control metabolic rate to the same degree as hibernating counterparts.
In an earlier study of hamsters hibernating at 5 C, Lyman and Hastings (6) reported an acid-base balance (data included in Table 1 ) which compares closely with our results in hamsters hypothermic at 6 and 10 C. This suggests at least a similarity between physiologic responses which are reflected in blood gas composition in hamsters made hypothermic by artificial means, i.e., exposure to helium, 80 %, and oxygen, 20 %, and cold, and hamsters in a natural state of depressed metabolism, viz. hibernation. The hemoglobin-oxygen dissociation curves (Fig. 2 ) at 6 and 38 C and the venous Pox values (Table  1) can be used to calculate an estimate of the percent saturation of hemoglobin at each temperature. At 6 C the venous blood is approximately 80 % saturated. This indicates that on the average about 20 % of the oxygen has been removed from the hemoglobin as blood moves through a capillary bed from arterial to venous end. The hemoglobin-oxygen dissociation curve shows that until blood Po2 dropped to below 15 mm Hg little oxygen is released from the hemoglobin. We suggest that the lack of oxygen released is related to a marked decrease in Po2 as free oxygen diffuses from the blood to meet tissue requirements.
However, below 12-l 5 mm Hg oxygen is readily released from the hemoglobin and replaces free oxygen in the blood utilized by the surrounding tissue. In these experiments, it appears that blood collects in the veins at an average Po2 of only 9.1 mm Hg. On the other hand, at a body temperature of 38 C REFERENCES free oxygen diffuses from the blood to tissues and is mostly replaced by oxygen from the hemoglobin even at PO., values characteristic of arterial blood. This results in a more gradual reduction in Po2 at 38 C. The characteristic shift to the left of the hemoglobinin hamsters with low bodi temgeneralization that during hypooxygen dissociation curve perature concurs with the thermia at low temperatures hemoglobin has a great tenacity for oxygen.
Oxygen levels in blood provide an estimate of the availability of free oxygen to the tissues. In the normothermic animal the blood Po2 drops gradually down to an average venous Po2 of 30.5 rt 3.3 mm Hg. The blood supplying oxygen to normothermic tissues consistently has a Po:t above 30.5 =t 3.3 mm Hg. By comparison, most of the blood supplying oxygen to tissues in the 6 C hamster has a Po2 below 12-l 5 mm Hg and above 9.1 rt 1.1 mm Hg.
Arterial samples were taken from chronically implanted cannulas in animals at 6, 10, and 38 C in order to characterize the state of hemoglobin in limited number were taken at each arterial blood. Onlv a body temperature.
It iS of some interest that the arterial Po2 values in the 38 C animals are low when compared to the arterial PO:! of human blood (approximately 100 mm Hg). The average PO:! in both the anesthetized animal and active animal was 70 mm Hg and did not exceed 79 mm Hg. Judging from the PO:! values and Hb-02 dissociation curve, the hemoglobin in hamster arterial blood at 38 C is only 88-94 % saturated.
At 6 and 10 C the Po2 was found to vary considerably (between 49 and 97 mm Hg) but is sufficient at these temperatures to saturate the Thus, we may conclud .e that hemoglob hemoglobin in in arterial 00 %. blood in the hypothermic animal (6 and 10 C) is better saturated than that in the normothermic animal.
